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CRYOELECTRONICALLY COOLED 
RECEIVER FRONT END FOR MOBILE 

RADIO SYSTEMS 

The present application is a divisional of U.S. Pat. 
Application Ser. No. 08/797,949, filed Feb. 12, 1997, which 
claims priority under 35 U.S.C. S 119(e) from copending 
U.S. Provisional application Serial No. 60/013,942, entitled 
“Cryoelectronic Receiver Front End for Mobile Radio 
Systems, filed Mar. 22, 1996, and a continuation-in-part of 
U.S. Pat. application Ser. No. 08/694,772, having the same 
title and filed on Aug. 9, 1996, which claims priority under 
35 U.S.C. S119(e) from U.S. Provisional application Ser. 
No. 60/002,065 having the same title and filed on Aug. 9, 
1995, all of which are incorporated herein by reference in 
their entireties. 

FIELD OF THE INVENTION 

The present invention relates generally to base Station 
receivers for communication applications and Specifically to 
a receiver front end for base Stations used in mobile radio 
Systems. 

BACKGROUND OF THE INVENTION 

In terrestrial mobile radio systems of cellular, PCS or 
other type, geographical areas are Subdivided into a number 
of cells. The communications traffic in each cell is Supported 
by a base Station and each base Station has assigned to it a 
multiplicity of RF carriers. In such cellular mobile radio 
Systems that operate at UHF and higher frequencies, the size 
of the cells is determined by terrain features (there can not 
be major obstructions between the mobile station and the 
base station), network capacity requirements (the number of 
users the System needs to Support), and the base Station 
receiver Sensitivity (limited by losses and noise generated in 
the base station receiver front end). In such cellular mobile 
radio Systems, cells are called capacity cells when their size 
is determined by traffic requirements, and cells are called 
coverage cells when their size is determined by the base 
Station receiver Sensitivity and the terrain. Furthermore, a 
distinction is made between the forward link, which is the 
radio Signal transmitted from the base Station to the mobile 
Station, and the reverse link, which is the radio signal 
transmitted from the mobile station to the base station. 

In the reverse link, the mobile Station typically transmits 
10 to 100 times less power than the base station transmits in 
the forward link. Therefore, the received signal Strength at 
the base Station is much lower than the received signal 
Strength at the mobile Station. In situations where the base 
Station range is limited by the reverse link Signal Strength, 
the base Station is identified as reverse link limited. 
Likewise, in forward link limited cells the range is limited 
by the Strength of the Signal received at the mobile Station. 

Mobile radio networks are designed for balanced forward 
and reverse links, i.e., equal base Station range in both 
directions. This balance is based on the assumption that all 
cells are at full capacity. However, many operational net 
Works are not at full capacity. Under these conditions, the 
base Station transmitter can be driven harder to provide an 
increased range for the forward link. The cell is then reverse 
link limited. 

Specialized Mobile Radio (SMR) base stations and rural 
cellular base Stations are typically reverse link limited. In 
particular, many existing cellular base Stations are reverse 
link limited because they were designed for car phones 
transmitting at about 8 Watts, while the majority of mobile 
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2 
Stations today are battery operated hand-held phones, which 
transmit at much lower power levels (0.6 Watt in the US and 
2 Watts in Europe). 

Reverse link limitations in Specific existing cells due to 
terrain can be overcome by increasing the antenna tower 
height at the base Station. More general, construction of 
additional base Stations or repeater Sites is necessary. Both 
these approaches have major disadvantages: increasing the 
height of the receive antennas on the tower is typically not 
possible without replacing the entire tower and may violate 
Zoning regulations. Building additional base Stations or 
repeater Sites is expensive and also requires a reassignment 
of the frequency reuse pattern of the network. 

In capacity limited cellular networks, additional demand 
in the number of users can be met by adding new frequency 
channels to the existing cell Sites if the additional channels 
are available. In networks where all channels are in use the 
only Solution is splitting existing cells into Smaller ones, and 
correspondingly, adding additional base Stations and reas 
Signing the frequency reuse pattern. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to disclose 
receiver front end circuitry that can provide significantly 
increased base Station Sensitivity for receiving reverse link 
Signals from mobile Stations. A related objective is to 
minimize the noise contributions from cable losses in the 
base Station receive path which also increases the base 
Station reverse link Sensitivity compared to existing base 
Stations. 

Another objective is to reduce the number of base Stations 
in coverage networks thereby reducing the installation and 
maintenance cost of Such networks relative to existing 
cellular mobile radio Systems. 

Another related objective is to reduce the mobile station 
transmit power in coverage or capacity networks by increas 
ing the base Station receiver Sensitivity. 

It is a further objective to provide base station receiver 
front end circuitry with improved RF filter characteristics to 
reduce interference. This feature increases Spectrum utiliza 
tion providing increased capacity and revenue relative to 
existing base Stations. 

Yet another related objective is to operate Said receiver 
front end circuitry in a thermally stable environment to 
avoid variations, degradation in performance, and failure 
due to ambient temperature fluctuations. 
An additional objective relating to Some digital cellular 

mobile radio Systems is to increase network capacity. These 
and other objectives are achieved in the present invention 
which provides a receiver front end for a base station. The 
receiver front end includes: (1) a plurality of filtering means 
for Spectrally filtering a plurality of RF signals to form a 
plurality of filtered RF signals; (2) a plurality of amplifying 
means, in communication with the plurality of filtering 
means, for amplifying the plurality of filtered RF signals, 
and (3) cooling means for cryogenically cooling the filtering 
means and the amplifying means. The cooling means is 
common to the plurality of filtering means and plurality of 
amplifying means and is Substantially adjacent to the 
antenna to maintain the insertion loSS along a transmission 
line extending between the antenna and amplifying means at 
or below a selected level. At least one of the plurality of 
filtering means and plurality of amplifying means comprises 
a Superconducting material. In one embodiment, the receiver 
front end is mounted on a structure Supporting the antenna. 
The cooling means can be a closed or open cycle refrigera 
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tor. The cooling means can maintain the filtering means and 
amplifying means at a stable temperature that is independent 
of the temperature of the environment external to the cooling 
means. The filtering means, amplifying means, and cooling 
means will hereinafter be referred to as the cryoelectronic 
receiver front end or the receiver front end. In one 
embodiment, the cryoelectronic receiver front end consists 
at minimum of a spectral filter and a low noise amplifier, 
either or both of which can include a Superconducting 
material for the passive components of the circuit. 
To understand the performance advantages of the present 

invention, it is important to relate base Station Sensitivity 
with the base Station noise figure. The Sensitivity is 
described as the RF signal power level needed at the receive 
antenna port to detect a single telephone channel with a 
given Signal quality. Frequently, in digital mobile radio 
Systems, this signal quality is described by a frame error rate 
not exceeding one percent. 

This error rate is a strong function of the Signal to noise 
ratio as measured, for example, before the demodulator, and 
is thus Strongly dependent on the noise power. The noise 
power in turn, is composed of noise received by the antenna 
and noise added by the RF receiver front end circuitry. The 
latter can be measured with Standard techniques and is 
typically expressed as a noise figure value. The more noise 
added by the receiver, the larger the base Station noise figure, 
the larger the total noise power at the demodulator, and the 
lower the sensitivity of the base station. 

Cryogenic cooling Significantly decreaseS RF losses in 
passive electronic circuits thereby reducing the thermal 
noise, also known as Johnson noise. AS is also well known, 
Johnson noise generated in passive components is equal to 
the component loSS when the component is operated at room 
temperature, but decreases Substantially below the loss value 
when the component is operated at cryogenic temperature. 
Additionally, the losses in normal metals decrease with 
temperature, and the RF losses of Superconducting metals 
when cooled below the transition temperature, are orders of 
magnitude lower than that of normal metals. The noise 
mechanisms intrinsic to a variety of Semiconductor transis 
tor designs, Such as those used in low noise amplifiers, are 
also temperature dependent, and decrease with decreasing 
temperature. For example, the noise figure of PHEMT GaAs 
low noise amplifiers is known to Substantially decrease 
when operated at cryogenic temperature. Preferably, the 
insertion loss of the filters is no more than about 0.2 dB and 
the noise figure of the LNAS is no more than about 0.4 dB 
at the temperature of the components (i.e., no more than 
about 150 K.) in the cryocooler. 

In addition to the use of cryoelectronic components with 
extremely low noise temperature, in the present invention, 
the RF feed line losses between the receive antenna and the 
cryoelectronic receiver front end are Substantially mini 
mized by locating the cryoelectronic receiver front end on 
the antenna mast in close proximity to the receive antenna 
Structure. In cellular base Stations it is common practice to 
locate all base Station electronics including the receiver front 
end at the base of the antenna mast. Depending on the height 
of the mast, a substantial length of RF feed line (typically 
coaxial cable) is used to connect the receiver front end to the 
antenna port. This cable causes insertion losses that directly 
add to the base Station noise figure. In the typical embodi 
ment of the invention, the cryoelectronic receiver front end 
is mounted on the antenna Support Structure itself. 
Preferably, the insertion loSS along the transmission line 
extending between the antenna and the receiver front end is 
no more than about 1.0 dB and more preferably no more than 
about 0.5 dB. 
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4 
The noise figure of the cryoelectronic receiver front end 

of the present invention is preferably no more than 1.5 dB, 
more preferentially no more than 1.0 dB, and most prefer 
ably no more than about 0.7 dB. This compares with noise 
figures in the range of 3 to 8 dB in existing base Stations. 
With respect to base Stations Sensitivity, this corresponds to 
a 2 to 7 dB improvement over the existing state of the art. 
The concomitant increase in reverse link range in cellular 
applications is preferably at least about 110%, more prefer 
ably at least about 120%, and most preferably at least about 
140% of the reverse link range of conventional Systems (i.e., 
with no tower-mounted cryoelectronic receiver front end). 
The use of Superconducting material in the RF spectral 

filter provides not only high sensitivity but also improved 
spectral definition of the cellular band. Ideal bandpass filters 
have rectangular profiles. Actual filters have sloping skirts 
and in-band ripple. The low losses of Superconducting 
material allow the fabrication of very small filter circuits 
with steep skirts and low in-band ripple. When used in 
mobile cellular radio system, such filters allow better use of 
the available spectrum, as more channels can be accommo 
dated at the band edges without increased interference from 
adjacent bands. The Small size of the Superconducting planar 
filters allows use of more complex filter functions to be 
performed without increasing the Size of the mast head 
cryoelectronic receiver front end and without significant loSS 
in Sensitivity. For example, combinations of bandpass and 
bandreject filters may be used in base Stations where Strong 
out-of-band interference Signals need to be Suppressed. Also, 
Sharper filters can be used to more accurately define Specific 
receive bands or parts thereof. For example, it is customary 
in the new cellular PCS systems to use 60-MHz wide filters. 
This corresponds to the entire PCS base station receive band. 
In actuality, each licensee only uses a Small part of this 
spectrum, i.e., either a 15 MHz or a 5 MHz wide band. 
Superconducting filters can easily provide the Selectivity for 
these narrower bands with only a minor increase in noise 
figure. 

Another benefit of the cryoelectronic receiver front end is 
the increased spurious free dynamic range compared with 
existing receiver front ends. This is the result of the increase 
in amplifier gain and the decrease in noise realized through 
cooling the circuit. 
The present invention is applicable to all base Station 

modulation and multiplexing formats, Such as analog or 
digital modulation, frequency, phase or amplitude 
modulation, frequency-, time- and code-division multiplex 
ing. The improved sensitivity may be utilized in different 
cellular mobile systems in different ways. The benefits 
include but are not limited to: balancing of reverse link 
limited cells, increasing base Station range in coverage 
networks, increasing cell capacity; better reception of Sig 
nals transmitted through buildings and other structures, 
Substantial reduction of degradation in receiver Sensitivity 
caused by the insertion loSS of the transmission line extend 
ing from the receiver front end to the base Station because 
the RF signal is spectrally filtered and amplified before 
transmission along the line; and reducing handset transmit 
power levels for Safety reasons, for increased talk time, and 
for better Signal quality due to the higher linearity of the 
transmit amplifier. 
The cryoelectronic receiver front end can readily be 

applied in cellular mobile radio Systems designed to have 
balanced links. AS the transmit power in the mobile Stations 
is continuously adjusted to the minimum value for main 
taining certain reverse link quality, the use of the present 
invention allows mobile Stations to operate at Substantially 
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reduced power levels. This increases the talk time for a given 
battery size, and reduces the power levels that users are 
exposed to. 

In mobile radio Systems that implement Spread Spectrum 
technology, Such as code division multiplex Systems, 
increased Sensitivity of the base Station receiver front end as 
provided with the present invention is known to Significantly 
increase not only the cell Size but also the capacity. 

The filtering means and amplifying means in the receiver 
front end can be electronically tunable and/or located on a 
common Substrate. The tuning means for tuning the filtering 
means can include a ferroelectric material. 

The cooling means can include a cooling device, means 
for compressing a cooling fluid for use in the cooling device, 
and means for transporting the cooling fluid between the 
compressing means and the cooling device. The compress 
ing means can be located near the base of the Structure 
Supporting the antenna, and the cooling device and receiver 
front end mounted on the upper part of the Structure. In this 
manner, the compressing means can Supply a number of 
cooling devices with cooling fluid. The cooling fluid can be 
transported to one or more cooling devices mounted on the 
Structure by transmitting the cooling fluid through a conduit 
formed by the transmission line extending from the base 
Station to the receiver front end. 

The cooling means can include: (i) a cold finger contact 
ing the plurality of filtering means and the plurality of 
amplifying means; (ii) valve means in communication with 
a conduit for providing the cooling fluid to the cold finger; 
(iii) variable speed motor means connected to the valve 
means for actuating the valve means at a variable frequency; 
(iv) a temperature Sensor for sensing the temperature of the 
cold finger and providing an output Signal representative of 
the temperature; and (v) means for controlling the speed of 
the variable motor means in response to the output signal of 
the temperature Sensor. In this manner, the temperature of 
the cold finger is controlled by varying the Speed of the 
variable motor means. 

In another embodiment of the present invention, the 
cooling means includes a cooling member having a plurality 
of faces with at least one of the filtering means and at least 
one of the amplifying means being positioned adjacent to 
each. of the number of faces. Typically, the cooling member 
has at least three faces. At least two filtering means and at 
least two amplifying means are typically adjacent to each of 
the faces. The cooling member is mounted on the cold finger 
at a location yielding the desired temperature of the cooling 
member. 

In yet another embodiment of the present invention, the 
cooling means further includes a mounting means for 
mounting the amplifying means on the cooling member. The 
mounting means has a bulk conductivity Sufficient to cause 
the amplifying means to have a higher temperature than the 
cooling member. Preferably, the frame member has a bulk 
conductivity of at least about 2 watts/cm- K, and an 
integrated thermal conductivity of 20 watts/cm or leSS. 
To protect the receiver front end from the environment, it 

can be enclosed in a weatherproof enclosure. The input and 
output ports in the enclosure for electrical conductors can be 
protected from power Surges, Such as by lightning, by 
lightning protection means. The enclosure can form an 
integral Structure with the antenna, particularly with a patch 
array antenna. 

Switching means can be used to bypass the RF signal 
around the receiver front end in the event of malfunction of 
receiver front end. Monitoring means for monitoring 
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6 
remotely the operation of the various components of the 
receiver front end can be used to activate the Switching 
CS. 

For dual diversity reception, a Second cooling means in a 
Second receiver front end can be employed. The antenna is 
in communication with the receiver front end and the Second 
antenna with the Second receiver front end. This configura 
tion provides enhanced System reliability by providing Sepa 
rate cooling means for the receiver front ends in each Sector. 

In another configuration for Servicing multiple antennas, 
a single cryostat can include a plurality of filtering means 
and a plurality of amplifying means. In this configuration, a 
filtering means and amplifying means are connected with 
each of a plurality of antennas. 
The relative locations of the filters and amplifiers on the 

cold finger can be important for optimal performance of 
each component. In one embodiment, the amplifier is posi 
tioned nearer the free end of the cold finger than the filter. 
This configuration provides significantly reduced insertion 
loSS in the coaxial cable between the antenna and the filter. 
In another embodiment, a temperature gradient exists along 
the length of the cold finger with the lowest temperature 
being at the free end of the cold finger. Because the filter has 
a lower optimum operating temperature than the amplifier, 
the filter is located nearer the free end of the cold finger than 
the amplifier. In either case, the filter or amplifier is located 
at the point on the temperature gradient with the desired 
optimum operating temperature. 

In another embodiment, the present invention provides a 
method for processing a wireleSS Signal transmitted by a 
mobile station to a base station. The method includes the 
steps of: (1) cryogenically cooling components of the base 
Station's receiver front end, with the temperature of cooling 
preferably being 90% or less of the transition temperature of 
a Superconducting material in the receiver front end; (2) 
receiving the signal with the receiver front end; and (3) 
transmitting the received signal to the base Station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a block diagram of a cryoelectronic receiver 
front end and FIG. 1B is a diagram of the receiver front end 
on an antenna mast in close proximity to a base Station and 
a compreSSOr, 

FIG. 2 is a block diagram of an embodiment of a cryostat 
and a cryoelectronic module, 

FIG. 3 is a view of an embodiment of a receiver front end 
contained in a weatherproof enclosure; 

FIG. 4 is a cut away of a cryostat containing multiple 
cryoelectronic modules, 

FIG. 5 is a block diagram of a cryoelectronic receiver 
front end with a bypass circuit; 

FIG. 6 is a block diagram of a cryoelectronic receiver 
front end System where multiple cryostats are Supplied with 
cooling fluid by a Single compressor, 

FIG. 7 is a block diagram of a fault-tolerant configuration 
of multiple cryoelectronic receiver front ends Supporting a 
sectorized dual-diversity antenna system; FIG. 8A is a 
Simplified perspective view of a dual-antenna System where 
the antenna and cryoelectronic receiver front end are inte 
grated into a Single unit; 
FIG.8B is a view of the integrated antenna and cryoelec 

tronic receiver front end; 
FIG. 8C is a block diagram of the various components of 

a cryoelectronic receiver front end Serving multiple anten 
naS, 
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FIG. 8D is a diagram of a cryoelectronic receiver front 
end providing cooling for a power amplifier used for RF 
Signal transmission; 

FIG. 8E is a block diagram of a cryoeletronic receiver 
front end according to an embodiment of the present inven 
tion; 

FIG. 9 is a block diagram of a coax cable being used to 
transport cooling fluid to/from the cryoelectronic receiver 
front end; 

FIG. 10 is a cross-sectional view of the coax cable in FIG. 
9 showing a conduit for transporting the cooling fluid; 

FIGS. 11A-13 depict the cryostat of another embodiment 
of the present invention with FIG. 13 being a cross-sectional 
view taken along lines A-A of FIG. 11; 

FIG. 14 depicts the cryoelectronic receiver front end 
mounted on the interior Structure of the compact weather 
proof enclosure; 

FIGS. 15A and B respectfully depict prior art base station 
circuitry and a base Station circuitry using the cryoelectronic 
receiver of the present invention; and 

FIGS. 16A and B depict results of tests using the systems 
of FIG. 15A and B; and 

FIG. 17 depicts a cryoelectronic cooling device according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION 

An important aspect of the present invention is the 
combined use of highly conductive materials, particularly 
Superconducting electronic materials, and cryocooling 
devices in a mast mounted RF receiver front end, to realize 
Substantial benefits in mobile radio systems, based on 
increased base Station Sensitivity combined with high Spec 
tral Selectivity. An important aspect of the invention lies in 
the use of closed cycle refrigerators, particularly cryopumps, 
as the cryocooling devices. AS used herein, a cryopump is a 
cryogenic refrigeration device that entrains molecules on a 
cooled Surface by weak dispersion forces (e.g., entrainment 
of a gas by cryocondensation, cryOSorption, or cryotrapping 
on a Surface that is cooled by a liquid cryogen or a 
mechanical refrigerator). 

THE CRYOELECTRONIC RECEIVER FRONT 
END 

FIGS. 1A and 1B show the cryoelectronic receiver front 
end of the present invention installed in a base Station with 
antenna mast 60 Supporting an antenna assembly 56. The 
cryoelectronic receiver front end consists of a mast mounted 
portion 53 of the receiver front end, a compressor 72, and a 
conduit 76 for the cooling fluid. The height of the antenna 
mast or tower varies with application but typically ranges 
from about 35 to about 200 feet. As will be appreciated, the 
height of the tower Structure can vary over a Substantially 
broader range for microcell applications. 

In the shown embodiment, a closed cycle mechanical 
refrigerator is used for cooling the electronics to cryogenic 
temperatures. The refrigerator or cryocooler consists of two 
parts, one being a compressor 72, and the other being a cold 
head assembly located inside the mast mounted portion 53. 
This type of refrigeration System is known as a Gifford 
McMahon refrigerator. In this configuration, the compressor 
72 is connected to the receiver front end in the mast mounted 
portion 53 via a cooling fluid transport conduit 76. It 
includes two gas lines providing a cooling fluid Such as 
cryogen to the cold head and a return path back to the 
compressor. While this is the preferred embodiment of the 
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8 
refrigerator, other refrigeration Systems may be used that 
consist of two Separate parts, Such as pulse tubes, Joul 
Thompson Systems, or that consist of a Single integrated part 
Such as Sterling cycle refrigerators. Preferably, the refrig 
eration System is relatively inexpensive, has a heat lift of 5 
watts or more at 70 K., draws no more than about 800 to 
about 1,000 watts of power, and a life in excess of 1.5 years. 
The advantages of using a cryopump Such as the Gifford 

McMahon system are its high reliability and the fact that the 
remote compressor can be co-located at the base of the 
antenna mast with the base Station, in an environmentally 
controlled location. Additionally, this configuration allows 
easy access to the compressor for repair and maintenance 
functions. The structure and operation of the Gifford McMa 
hon System is discussed in detail below. 
Again referring to FIG. 1B, the base Station is connected 

to the antenna assembly and to the mast mounted portion 53 
of the receiver front end via cable assembly 68. 
Furthermore, cable assembly 64 connects the receiver front 
end 52 to the antenna assembly 56, preferentially with 
ultra-low loSS coaxial cables. The quality and length of the 
coaxial cables 64 is Selected in Such a way as to minimize 
the insertion loss. The length of the cable 64 is preferably no 
more than about 10 feet. Preferably, the insertion loss along 
cable assembly 64 is no more than about 1.0 dB, more 
preferably less than about 0.5 dB, and most preferably no 
more than about 0.7 dB. 

The height of the tower structure 60 varies with applica 
tion. Typically, the height ranges from about 35 to about 200 
feet. Depending upon the length and type of long coaxial 
cable assembly 68 and the frequency of the RF signal 
transmitted along the cable, the insertion loSS along the cable 
68 will typically range from about 1.5 to about 4.0 dB. As 
will be appreciated, the height of the tower Structure and 
cable length can vary over a Substantially broader range for 
microcell applications. 

Functionally, the cryoelectronic receiver front end is in 
the receive path of the base station. Signals from the mobile 
Station are being collected by the receive antennas in the 
antenna assembly, pass through the cryoelectronic receiver 
front end, and then pass to the RF receiver in the base station 
via the coaxial cable assembly 68. In the basic embodiment 
of the invention, the base station RF transmitter is connected 
directly to the transmit antennas in the antenna assembly 
without passing through the cryoelectronic receiver front 
end. 
The mast mounted portion 53 of the cryoelectronic 

receiver front end as shown in FIGS. 1A and 2, contains the 
cold head assembly which is a cold head 92, and attached to 
it, cryostat 32. For protection of these components from 
environmental effects, the cryoelectronic receiver front end 
includes a weatherproof enclosure 52 with connectors (not 
shown) for the RF-, power and signal cables and gas lines 
76. The enclosure is relatively compact, typically having a 
height of no more than about 22 inches and, for cylindrically 
shaped enclosures, a diameter of no more than about 10 
inches. The cryostat is also relatively compact, typically 
having a height of no more than about 18 inches and a 
diameter of no more than about 8 inches. 
The cryostat inside the cryoelectronic receiver front end 

includes a multiplicity of cryoelectronic modules in corre 
spondence to the multiplicity of receive antennas in the 
antenna assembly. Typical wireleSS base Stations have three 
independent Sectors, each with two receive antennas for dual 
diversity, requiring six cryoelectronic modules. Each mod 
ule is then connected to one specific receive antenna Via the 
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low loss coaxial cable assembly 64. Cable assembly 68 then 
includes transmit cables connected to the transmit antennas 
and six receive cables connected directly to the cryoelec 
tronic receiver front end. Other base Stations, particularly in 
coverage networks use omni antennas, in which case two 
cryoelectronic modules may be needed for dual diversity 
reception. The benefit of packaging multiple cryoelectronic 
modules into one cryostat is the reduction in the number of 
cold heads needed to operate all modules at cryogenic 
temperatures. The limitation in the number of circuits that 
can be packaged in a Single cryostat is the cooling power 
provided by the cold head, and the size of the modules. As 
the complexity and size of the cryoelectronic module 
increases it becomes increasingly more difficult to achieve a 
uniform temperature distribution. 

In the basic embodiment of the invention, each cryoelec 
tronic module includes a spectral filter and amplifier as 
shown in FIG. 2, with the filter and/or amplifier being 
fabricated with Superconducting materials, Such as yttrium 
barium copper oxide (YBCO) or other such compounds. 

FIG. 2 shows a block diagram of the basic embodiment of 
the cryostat as taught by the present invention. For Simplic 
ity only one cryoelectronic module is shown. The cryoelec 
tronic module 20 includes a bandpass filter 24 and a low 
noise amplifier (LNA) 28 contained in a cryostat 32. The RF 
receive signal enters the cryostat 32 through a vacuum-tight 
RF feedthrough 36 and is guided to the band pass filter 24 
via a short length of low-loss coaxial cable 40. The filtered 
Signal is connected by a Second length 41 of low-loSS coaxial 
cable from the output of the filter to the input to the LNA28. 
The filtered and amplified RF signal is then guided to the 
output RF feedthrough 48 via coaxial cable 44. 

The band pass filter 24 is typically comprised of a 
Superconducting circuit So as to minimize insertion loss and 
to provide sharp filter skirts. The frequency band passed by 
the Superconducting filter is preferably matched to the 
spectral band licensed by the operator of the mobile radio 
network. For example, in United States PCS systems, the 
licensed bands are either 5 MHZ or 15 MHz wide. The 
insertion loSS of Superconducting filter is preferably no more 
than about 0.5 dB, and more preferably less than about 0.3 
dB. The LNA 28 may also be constructed as a Supercon 
ducting planar hybrid circuit with the Semiconductor device 
attached to a Superconducting circuit board to improve 
performance and to further reduce metal losses. In other 
embodiments, more complex Spectral filtering may be incor 
porated into the cryoelectronic module 20 and placed in the 
cryostat, to provide additional functionality to the base 
Station receiver. The cryoelectronic module further may 
include other components, including but not limited to 
multi-couplers, diplexers, power dividers and Splitters, 
limiters, mixers, phase shifters, and/or oscillators. These 
components may or may not be fabricated with Supercon 
ducting metal as thin film planar circuits. The various 
circuits may be individually packaged or combined in larger 
packages. 

The cryoelectronic modules 20 in the cryostat have a 
preferred operating temperature of 90% or less of the 
Superconducting transition temperature of the Superconduct 
ing material, more preferentially at or below 77 K. for 
YBCO and at or below 90 K. for TBCCO. It is further 
Stabilized within a narrow temperature range of preferen 
tially less than plus or minus 5 K. with respect to the 
operating temperature. Being operated in this way inside the 
cryostat, the cryoelectronic module exhibits stable RF per 
formance over a wide range of ambient temperatures. 

FIG. 3 shows a pictorial drawing of the mast mounted 
portion of the cryoelectronic receiver front end in its basic 
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embodiment for a Single Sector or omni base Station. The 
cryostat 32 is attached to the cold head 92 and both are 
mounted in a weatherproof enclosure 52. The enclosure 52 
has a door 100 for assembly, repair and maintenance func 
tions. Other embodiments may use cylindrical or other 
enclosure shapes, with or without doors. The enclosure also 
includes mounting means for mounting it on an antenna 
mast. RF connectors 104 on the enclosure bottom provide 
Signal input and output ports to the enclosure 52. Coaxial 
cables 106 provide connections between RF connectors 104 
and RF ports 36 and 48 in the cryostat (being vacuum tight 
RF feedthroughs). The cold head cooling gas input and 
output lines 112 are connected to Self-sealing gas connectors 
116 on the bottom of the enclosure 52. Gas flow is only 
possible when the gas lines from the compressor 72 are 
connected to the cold head. Power for the cold head and the 
LNAS inside the cryostat is applied via power connectors 
120 and 122, respectively. In other embodiments a common 
power connector may be used for the cold head and the 
LNAS. In yet another embodiment, power to the LNAS is 
provided via one of the coaxial cables 106 and RF connec 
tors 104. In base stations with more than one sector, corre 
spondingly more RF connectors 104, 36 and 48, and cables 
106 are used. In other embodiments the filter and the 
amplifier, or any of the other components listed above are 
fabricated not as individual components, and connected via 
coaxial cables, but may be fabricated as integrated circuits 
on one or more common Substrates. 

FIG. 4 depicts one basic embodiment of the mounting of 
the cryoelectronic modules to the coldhead inside the cry 
ostat 32. The coldhead 92 has connected to it a cold finger 
93 that stands out into the cryostat. At the top (i.e., free) end 
of cold finger 93 the lowest temperature is achieved. In 
practice, there is a temperature gradient from the top of the 
adapter 94 to the bottom. 
The mounting Scheme, shown for Single Sector dual 

diversity applications, uses a mounting platform as the 
adaptor 94. The adaptor is composed of a material having a 
bulk conductivity of preferably at least about 2 watts/cm 
K and more preferably at least about 4 watts/cm- K. 
Preferred materials are metals, Such as aluminum, copper 
and alloys thereof, carbon, and Sapphire, and composites 
thereof. The adaptor 94 desirably has a relatively high 
thermal inertia to slow the rate of heat transfer and therefore 
the rate of temperature rise in the System during power 
interruptions. Preferably, the thermal energy of the adaptor 
94 ranges from about 5,000 to about 50,000 joules, more 
preferably from about 10,000 to about 40,000 joules, and 
most preferably from about 20,000 to about 30,000 joules. 
The ratio of the thermal energy of the adaptor to that of the 
cold finger preferably ranges from about 200:1 to about 
100:1, and more preferably from about 50:1 to about 10:1. 
AS will be appreciated, a number of configurations or shapes 
of the mounting platform can be employed to mount any two 
or more cryoelectronic modules at a desired position on the 
cold finger. Adaptor 94 is in tight thermal contact only at the 
top of the cold finger in order not to distribute cooling to the 
lower parts of the cold finger. Two cryoelectronic modules 
20 are shown mounted on platform 94. 

In general, it is not necessary that the amplifiers are 
operated at exactly the same temperature as the filters. 
Amplifiers can be operated at higher temperatures than the 
filters and Still be within an acceptable degree of insertion 
loSS. Accordingly, the amplifiers can be located at a higher 
temperature along the cooling gradient existing along the 
cold finger and/or operated at a higher temperature by 
placing an thermally insulative material (i.e., a material 
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having a thermal conductivity less than that of the adaptor) 
between the amplifier and the adaptor 94 to slow the rate of 
heat transfer from the amplifier. 

The cryostat also includes radiative head Shielding to 
minimize heat loading of the cryoelectronic module Via 
thermal radiation from the cryostat walls, which are at 
ambient temperature. In minimizing the heat load to the cold 
head, it is also preferred that the RF cables to and from the 
cryoelectronic modules are chosen in Such a way as to 
minimize heat conduction. These techniques are not unique 
to the invention but are Standard practice in cryogenic 
operated Systems. 

DIAGNOSTIC MONITORING 

To monitor the performance of the mast mounted portion 
of the cryoelectronic receiver front end diagnostic electron 
ics may be included in the weatherproof enclosure and 
inside the cryostat. These Sensor Signals may be transmitted 
either analog format or digitally to the base Station via a 
Signal bus and may be used to identify equipment faults and 
activate alarm functions. The analog or digital acquisition 
circuitry includes but is not limited to temperature Sensors 
for the filters and low noise amplifiers, cold head motor 
power Sensor, cryocoolant line pressure Sensor, and vacuum 
Sensors, all with the comparative logic for comparing the 
measured data to pre-Selected operating limits. If the data 
equals or exceeds the operating limit(s), an alarm is pro 
duced to alert operating perSonnel and/or activate an RF 
by-pass circuit. 

RF BYPASS CIRCUIT 

FIG. 5 shows a block diagram of the RF bypass circuit 
that can be used to minimize the impact of a failure of the 
closed-cycle refrigerator or of one of the cryoelectronic 
modules. The circuit includes a pair of Single pole double 
throw (SPDT) RF switches 80 that are inserted between the 
cryoelectronic receiver module 20 and the cables 84 on the 
one hand and the RF ports 36, 48 of the weatherproof 
enclosure on the other. During normal operation of the 
cryoelectronic receiver front end, the RF switches 80 are set 
in the position that connects the antenna to the input port 36 
of the cryostat and the output port 48 to the base station. 
When power to the cryostat is lost, the temperature in the 
cryostat rises above a predetermined point (usually the 
critical temperature of the Superconducting components), 
the vacuum in the cryostat decreases, one of the LNA fails, 
or another operating parameter is exceeded, the RF Switches 
80 automatically switch to their alternate positions. In this 
position, the antenna input Signal at port 36 is connected to 
a by-pass circuit 88 to output port 48 and the base station. 
The by-pass circuit can be as Simple as a coaxial cable or 
include an amplifier and a spectral filter to maintain the 
performance of the receiver front end at a minimally accept 
able level. 

ELECTRONICALLY TUNABLE FILTER 

The Spectral filters in the cryoelectronic module may be 
electronically tunable. This can for example be implemented 
with ferroelectric materials as disclosed in U.S. Pat. No. 
5,472,935, which is incorporated herein by this reference. 
Tunable bandpass and bandreject filters may be used Sepa 
rately or in combination. The benefit of electronically tun 
able filters is that the frequency band can be shifted remotely 
without accessing the base Station. Electronically tunable 
band reject filters may used to adaptively block Strong out of 
band Signals that are received by the antenna and degrade the 
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Signal to noise ratio of the communications channel. To 
provide Such remote control to the cryoelectronic receiver 
front end, electrical control lines are added to the filter 
circuit that pass through the cryostat walls and are connected 
to a control circuit inside the weatherproof enclosure. The 
control circuit is then connected to the base Station via 
additional analog or digital control lines. 

Out-of-band interference can result from high RF power 
levels outside the band of interest creating more noise within 
the band of interest, which decreases the Signal to noise ratio 
of the receiver front end. Such out-of-band Signals can leak 
through the bandpass filter and into the amplifier. Such 
out-of-band interference is often due to transmit signals 
radiated from antennas in close proximity to the receiver 
front end, or to different wireless systems which service the 
Same geographic area but operate at different frequencies. 
Bandpass filters are designed to reject signals outside the 
desired frequency range, but the magnitude of the rejection, 
and thus effectiveness for rejecting undesirable Signals, 
varies as a result of filter design and filter type. It is an 
objective of this invention to increase the magnitude of 
rejection and thus decrease the out-of-band interference by 
using cryogenically cooled Superconducting filters in the 
receiver front end. 
AS will be appreciated, Such filters have the high tem 

perature Superconducting layer patterned to form a plurality 
of resonators that are able to convey RF signals by coupling. 
The Superconducting layer is deposited on the upper Surface 
of a dielectric Substrate with a conducting or Superconduct 
ing ground plane being deposited on the lower Substrate 
Surface. Filters of the pinched line configuration are espe 
cially preferred. Such filters, which typically have a height 
of no more than about 20 mils, a width of no more than about 
400 mils, and a length of no more than about 1.5 inches, 
provide for sharper filtering than is possible in existing base 
station filters. The frequency bandwidth passed by the 
Superconducting filters preferably is less than about 60 
MHz, more preferably less than about 40 MHz, and most 
preferably ranges from about 5 to about 15 MHz for United 
States PCS application. The insertion loss of Superconduct 
ing filters is relatively low, i.e., preferably no more than 
about 1 dB, more preferably no more than about 0.7 dB, and 
most preferably no more than about 0.3 dB. The LNA28 
may also be constructed on a Superconducting planar circuit 
to improve performance and to further reduce the circuit 
size. Other electronically tunable components Such as an 
electronically tunable phase shifter and electronically tun 
able bandpass or band reject filters can also be incorporated 
into the cryoelectronic receiver module 20 and placed in the 
evacuated vessel. These components will also benefit from 
improved performance and reduced size when comprised of 
Superconducting planar circuity. 

MULTIPLE COLD HEADS 

FIG. 6 depicts a block diagram of a cryoelectronic 
receiver front end network, where several cold heads 92a, 
b,c, each connected to a single evacuated vessel 32a,b,c that 
houses one or more cryoelectronic modules, are all Sup 
ported by a single compressor 72. Each cold head 92a,b,c is 
connected to a gas manifold 124 via coolant fluid lines 128. 
A single pair of fluid lines 132 connects the manifold 124 to 
the compressor 72. For clarity, the RF connections are not 
shown in this figure. The configuration shown allows a 
Single compressor 72 to Support multiple mast mounted 
cryoelectronic receiver front ends that may be co-located on 
the same mast, or Separated by distances up to /2 mile from 
the compressor. In applications, where more cryoelectronic 
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modules are needed than can be integrated into a single 
cryostat, the use of multiple mast mounted cryoelectronic 
receiver front ends Supported by a Single compressor Saves 
installation cost. 

FAULT TOLERANT DUAL DIVERSITY 
ANTENNASYSTEM 

FIG. 7 depicts a block diagram of a mast mounted 
cryoelectronic receiver front end Supporting a base Stations 
with three Sectors in a fault-tolerant configuration. AS shown 
here Six receive antenna Structures 56a-fare used to provide 
a three-Sectored, dual diversity antenna System. Three cryo 
electronic receiver front ends 52a-C are used, with each front 
end containing two cryoelectronic modules. CoaX cables 
64a-ffrom the antenna structures 56a-fare connected to the 
cryoelectronic receiver front ends 52a-C in Such a manner 
that the two antenna structures in each Sector (C.B., and Y) are 
connected to Separate cryoelectronic receiver front ends. In 
this manner, if a single cryostat fails, two Sectors are 
degraded, but all Sectors remain functional. 

INTEGRATED ANTENNA 

further performance improvement of the present inven 
tion is possible by essentially eliminating the cable between 
the mast mounted cryogenic receiver front end and the 
receive antenna. 

FIG. 8A is a simplified perspective view of an antenna 
configuration 136 where the antenna 56 is integrated with 
the mast mounted portion 53 of the cryoelectronic receiver 
front end. This arrangement minimizes the losses between 
the antenna and the receiver. Another embodiment of an 
integrated antenna is shown in FIG. 8B, where a linear array 
of conformal radiating patches 200 is part of the cylindrical 
weather proof enclosure 96. As will be appreciated, the 
conformal radiating patches Substitute for the antenna 56. 
Such an integrated embodiment is also desirable for Smart 
antenna Systems, where cryogenically cooled tunable phase 
shifters are used to electronically Steer the antenna beam. 
The phase shifters can be mounted inside the cryostat with 
the cryoelectronic modules. Smart antenna Systems are 
under development now by a number of companies. Many 
of these Systems require tunable phase shifters and control 
electronics co-located with the antenna Structure. 

FIGS. 8C and 8E are block diagrams depicting the various 
components of a cryoelectronic receiver front end Serving 
multiple antennas. The cryoelectronic receiver front end 
includes a plurality of filters 24, a plurality of LNA’s 28, RF 
by-pass circuitry (which includes RF switches 80 and bypass 
circuit 88), lightning protection circuitry 274a-d, and evacu 
ated vessel 32 all contained in a weatherproof enclosure 96. 
The coldhead 92 is served by the compressor 72 via cooling 
gas transport conduits 132. The cryoelectronic receiver front 
end has numerous RF inputs and outputs to Serve the 
multiple RX antennas. 

FIG. 8D is a block diagram depicting the use of the 
outputted cooling fluid from the cryostat to cool other 
components located along the cooling gas transport conduit, 
Such as a tower-mounted power amplifier for the transmis 
Sion of RF signals. AS will be appreciated, various compo 
nents operate more efficiently at lower temperatures and/or 
generate heat from the conversion of electrical power into 
RF power. To maintain Such components at desired tem 
perature levels, the inputted or outputted cooling gas can 
pass through an evacuated enclosure 400 containing the 
components 404a,b. In the figure, the outputted cooling fluid 
that has exited the cryostat is transported along cooling gas 
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transport conduit 408. Within the housing, the fuel is 
expanded and provides the cooled for the components. After 
exiting the evacuated enclosure, the gas is transported via a 
cooling gas transport conduit 412 to the compressor for 
re-Supply to the cryostat. 

COOLING FLUID TRANSPORTATION 

FIG. 9 is a block diagram depicting the use of a coaxial 
cable for transporting coolant fluid from the compressor 72 
to the cryoelectronic receiver front end in the mast mounted 
portion 53. The coaxial cable 68 carries the filtered and 
amplified RF signal from the cryoelectronic receiver front 
end to the base station 144. 

FIG. 10 is a cross-sectional view of the coaxial cable 68 
showing a hollow inner conductive conduit 150 which is 
partially responsible for carrying the filtered and amplified 
RF signal, and is suspended within the outer conductor 350 
of the cable 68. The cooling fluid is transported within the 
conduit 150. 

In a first embodiment, referring again to FIG. 9, the 
cooling fluid is introduced into the inner conduit by using a 
conductive plug. 310 in the conduit 150 “downstream” of the 
junction 154 to prevent the cooling fluid from flowing down 
the conduit 150 to the base station 144. Electrically insula 
tive tubing 158 is used to input or output the cooling fluid 
from the compressor 72 into the conduit 150. The electri 
cally insulative tubing prevents the filtered and amplified RF 
signal from being removed from the conduit 150 upstream 
of the station 144. Electrically insulating tubing 158 is also 
used to input or output the fluid from the conduit 150 into the 
cooler (not shown) in the cryoelectronic receiver front end 
53. A conductive plug is also used to prevent the fluid from 
flowing up the conduit past the junction with the tubing and 
into the amplifier. 

In a Second embodiment, the fluid is transported in the 
volume of the coaxial cable located between the outer 
conductor 350 and the inner conductor 150. An electrically 
insulating plug. 320 is located “downstream” of the junction 
155 to prevent the cooling fluid from flowing down the 
coaxial cable 68 to the base station 144. 

In a third embodiment, the two previous embodiments are 
combined such that the fluid is transported in both volumes 
of the coaxial cable. This has the advantage that the cooling 
gas can be delivered and removed from the cold head via a 
Single coaxial cable. For example, cooling fluid can be 
transported from the compressor to the cold head through 
the hollow inner conductor (described in the first 
embodiment), and cooling fluid can be transported from the 
cold head to the compressor through the Volume of the 
coaxial cable located between the outer conductor 350 and 
the inner conductor 150 (described in the second 
embodiment). 

In a fourth embodiment, the coaxial cable 68 is enclosed 
in a hollow structure (not shown), and the cooling fluid is 
transported in the volume located between the inner wall of 
the hollow structure and the outer wall 350 of the coaxial 
cable 68. 

These embodiments reduce the number of cables that are 
required between the mast mounted portion of the receiver 
front end and the compressor and the base Station, which in 
turn will lower the total weight and cost of the cables. 

OTHER CONFIGURATION OF THE 
CRYOELECTRONIC RECEIVER FRONT END 

FIGS. 11 A-12 depict another embodiment of the cryo 
electronic receiver front end in which components for mul 
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tiple cryoelectronic receiver circuitries are located on a 
structure attached to the cold finger. The cold finger 201 
engages a multi-sided interface Structure 204 having three 
faces 208a-C oriented at a common angle 0 of approximately 
60 degrees relative to one another. Two bandpass filters 
212a, b and two LNAS 216a, b are located on each face. In 
this manner, two sets of cryoelectronic receiver front ends 
are located on each face (for a total of six cryoelectronic 
receiver front ends). This design thereby permits a single 
cryostat to contain the cryoelectronic receiver front ends to 
Support a three-Sectored cell Site. 

The interface structure 204 is preferably composed of a 
material having a relatively high thermal conductivity. The 
material preferably has a bulk conductivity of preferably at 
least about 2 watts/cm- K and more preferably at least 
about 4 watts/cm- K. Preferred materials are metals, such 
as aluminum, copper and alloys thereof, carbon, and 
Sapphire, and composites thereof. AS will be appreciated, the 
interface Structure 204 can have more than three faces, as 
desired. 

The interface structure 204 is connected to the cold finger 
201 at the selected location 220 along the length of the cold 
finger that has a desired temperature (which location 220 is 
preferably at the highly thermally conductive plug 202). The 
high conductivity of the interface structure 204 permits the 
Structure to be contacted with the cold finger at the Selected 
point along the temperature gradient (shown in FIG. 13) 
existing along the length of the cold finger 201 and have the 
temperature of the cold finger 201 at the selected point be 
distributed Substantially uniformly throughout the structure 
204. The interface structure 204 preferably does not physi 
cally contact the cold finger at other locations along the cold 
finger having a higher temperature than the desired tem 
perature of the Structure; thus, a gap 205 exists around the 
exterior of the cold finger and the interior of the structure. If 
it were to physically contact the cold finger at a number of 
such locations, the structure 204 would have the highest 
(i.e., warmest) temperature of the various connection loca 
tions. AS will be appreciated the interface Structure and plug 
at the end of the cold finger can also be an integral, one-piece 
member. 
The thermal mass of the structure 204 is important to the 

thermal stability of the cryoelectronic receiver front end. 
The structure 204 provides a small amount of thermal inertia 
or energy (measured in joules and referenced from 300 K 
to 30 K), which has the benefit of maintaining the tem 
perature of the cryoelectronic receiver front end in the 
preferred operating ranges. By way of example, short inter 
ruptions of power to the compressor, Such as occur during a 
lightning Strike, can impair the performance of the cryoelec 
tronic receiver front end. The thermal inertia of the structure 
204 slows the rate of thermal transfer (i.e., slows the rate of 
temperature rise in the System) during Such power interrup 
tions and thereby improves System performance and reli 
ability. The thermal energy of the structure 204 preferably 
ranges from about 5,000 to about 50,000 joules, more 
preferably from about 10,000 to about 40,000 joules, and 
most preferably from about 20,000 to about 30,000 joules. 
In relative terms, the ratio of the thermal energy of the 
structure 204 to that of the cold finger 203 preferably ranges 
from about 200:1 to about 100:1 and more preferably from 
about 50:1 to about 10:1. 
A mounting bracket 224 mounted on each face contains 

two LNAS. Either side of the bracket 224 has a pair of “C” 
brackets to hold an LNA. 

The mounting bracket 224 is composed of a material that 
is thermally insulative to permit the LNA to operate at its 
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optimal operating temperature. AS noted above, a tempera 
ture gradient exists along the length of the cold finger 203. 
Although the optimal operating temperature of the LNA is 
greater than the optimal operating temperature of the filter, 
the LNAS are preferably located nearer the end 228 of the 
cold finger 203 (i.e., the coldest point along the length of the 
cold finger 203) and the filters 212 further from the end 228 
to minimize insertion losses in the coaxial cable extending 
from the antenna to the filters (i.e., keep the cable as short 
as possible). The structure 204 is preferably attached to the 
cold finger 203 at the point along the temperature gradient 
having a temperature equal to the optimal operating tem 
perature of the filters. Because the structure 204 will have 
this temperature Substantially uniformly throughout its 
Volume, it is important to use a thermal insulator between 
the LNAS and the structure 204 to retard cooling of the 
LNAS to a sufficient degree to permit the LNAS to be at an 
optimal operating temperature. The heat generated by the 
operation of the LNAS coupled with the reduced rate of 
cooling of the LNAS from the structure 204 (due to the 
mounting bracket) and the acceptable rate of cooling from 
the coaxial cable extending between each LNA and the 
corresponding filter will yield a higher temperature in the 
LNAS than exists in the structure 204. It is preferred that the 
integrated thermal conductivity of the mounting bracket be 
about 20 watts/cm or less, more preferably about 10 watts/ 
cm or less, and most preferably about 5 watts/cm or less. 
Preferred metals thus include all Stainless Steels, bronze, 
brass, nickel alloys, and all glass composites as well as any 
normal insulation material Such as glass, plastics, fibers and 
the like and composites thereof. This is a simple, reliable and 
low cost method for maintaining the LNAS in the desired 
temperature range. 
The size and shape of the mounting bracket 224 are also 

important to the heat transfer resistance of the bracket. For 
example, a relatively thin bracket transferS heat more readily 
than a relatively thick bracket, and a bracket having a 
relatively Small cross-sectional area in contact with the 
structure 204 transfers heat more slowly than a bracket 
having a relatively large cross-sectional area. Preferably, the 
ratio of the cross-sectional area of the tip “t” bracket to the 
length “L” of the bracket is at least about 0.50 cm, more 
preferably ranges from about 0.05 to about 0.03 cm and most 
preferably ranges from about 0.02 to about 0.01 cm. The nub 
217 of the bracket which contacts the LNAhas a contact area 
with the LNA ranging from about 0.05 cm° to about 0.25 
cm. An alternative bracket configuration is depicted in FIG. 
11B in which the mounting bracket 225 is rectangular in 
shape and is attached to the Structure 204 on one end and a 
retainment bracket 226 engaging the LNA 216 on the other. 
A filter module 236 is mounted below the LNAS. Each 

filter module 236 includes two filters 212 a,b. Each LNA is 
connected via a coaxial cable (not shown) to a correspond 
ing filter in the filter module to form one cryoelectronic 
receiver front end. Each filter is in turn connected to an 
antenna by a coaxial cable and the LNA to the other base 
Station receiver components at the base of the antenna mast 
also by a coaxial cable. 

In another embodiment shown in FIG. 14, the positions of 
the filter 212 and LNA216 relative to the end 250 of the cold 
finger 254 are reversed relative to those depicted in FIGS. 
11-13. In this configuration, the cold finger itself is 
machined or otherwise fabricated to have a plurality of faces 
for mounting the filters and LNAS. Because the optimal 
operating temperature for the filter 212 is about 60 K and 
for the LNA 216 is about 160 k, the filter 212 is placed 
closer to the end 250 of the cold finger than the LNA 216. 



US 6,263,215 B1 
17 

The filter 212 and LNA216 can be placed at positions along 
the length of the cold finger corresponding to the optimal 
operating temperatures for the devices. Such placement 
Substantially minimizes the noise figure of the cryoelec 
tronic receiver front end. 

In yet another embodiment, a two-stage cryostat can be 
employed. Each cooling Stage would have a separate cold 
finger and/or attached interface Structure. A two-stage cry 
ostat would permit the LNAS and filters to be placed in 
Separate coolers, with each cooler being controlled to pro 
duce a preferred operating temperature. In this manner, the 
LNAS, which generally require a higher operating tempera 
ture for optimal performance, are cooled in a separate cooler 
from the filters. 

In any of the embodiments discussed above, the cryostat 
is relatively compact and thermally and mechanically stable 
with excellent microwave performance. By way of example, 
the Substantially cylindrical evacuated vessel typically has a 
height of no more than about 18 inches and a diameter of no 
more than about 8 inches. The enclosure containing the 
cryostat and the cryoelectronic receiver front end is also 
Substantially cylindrical and has a height of no more than 
about 22 inches and a diameter of no more than about 10 
inches. 

Referring again to FIG. 14, the position of the evacuated 
vessel 260 containing multiple cryoelectronic receiver front 
end circuitries 262a,b,c in the structure for the weatherproof 
enclosure (not shown) is depicted. The structure houses a 
number of other components, including lowpass filters 266 
for nulling higher order passbands that cannot be processed 
by the Superconducting filter, RF bypass circuitry 270, 
lightning protection circuitry 274a,b,c, for grounding elec 
tromagnetic radiation Surges, Such as from lightning, that are 
conducted by any one of the inputs to the analog or digital 
acquisition circuitry, the coaxial cable leading from the 
cryoelectronic receiver front end to the other receiver 
components, or the coaxial cable extending from the antenna 
to the cryoelectronic receiver front end, and AC/DC con 
verter for Supplying power to the analog or digital acquisi 
tion circuitry. The combination of these features provide a 
device that is extremely Sensitive and reliable and possesses 
Significant System enhancements over the prior art. 

The cryoelectronic receiver front end of this embodiment 
is more Stable after installation than the cryoelectronic 
receiver front end of the prior embodiment. Because all three 
of the cryoelectronic receiver front end circuitries are in one 
evacuated vessel 260 and one weatherproof enclosure, the 
overall Volume of the cryostats is significantly reduced. 
Accordingly, because wind loading decreaseS as the Volume 
of the cryostat decreases, the cryoelectronic receiver front 
end is more stable when exposed to the wind loads encoun 
tered when it is mounted on an antenna mast. Further 
Stability to wind loading can be realized from constructing 
the enclosure in a cylindrical shape. 

In yet a further embodiment of the present invention, a 
cryoelectronic cooling device using a variable Speed motor 
is provided. Referring to FIG. 17, the variable speed motor 
controls the rate at which the cooling and exhaust gas Valves 
are opened and closed. The cold finger 254 is cooled by 
compressed gas that enters the cold finger via the cooling 
Valve and expands. After the cooling cycle, the gas is 
exhausted via the exhaust valve and is routed through the 
heat exchanger (not shown) and compressor 72. The cycle is 
then repeated. The Speed at which the cooling and exhaust 
Valves open and close is controlled by the variable Speed 
motor attached to the cold finger 254. The temperature of the 
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cold finger 254 can be controlled by varying the speed at 
which the motor opens and closes the valves, thus, increas 
ing the motor Speed increases the cooling capacity of the 
cold finger and lowers the temperature of the cold finger and 
Vice versa. AS noted above, a gas compressor is remotely 
located from the cooling device by two flexible, high 
preSSure hoses. 

Presently, coldhead motors are constant Speed and are 
operated at maximum speed and power. The temperature of 
the coldhead (or cold finger) is raised by attaching a heater, 
Such as a resistive wire which dissipates electrical current as 
heat, and varying the current through the heater. This 
approach works well if the heat load of the cryocooler is 
Small compared to the cooling capacity, and if power 
required to operate the cryocooler at full power is not a 
Significant concern. However, for cryoelectronic receiver 
front ends, power consumption is a significant concern. The 
amount of electrical power available to Supply cooling 
power for the coldhead is limited because it is expensive to 
route electrical cables and transmit electrical energy to the 
top of a tower. 

Referring to FIG. 17, the cryoelectronic cooling device 
500 of the present invention includes the variable speed 
motor 504, a motor mount 508, cooling and exhaust gas 
inputs 512a, b, base tube assembly 516, displacer tube 520, 
heat exchanger 524, rotary valve 528, valve plate 532, stem 
assembly 536, displacer top bumper 540, displacer 544, 
displacer bottom bumper 548, base plate 550, and regenera 
tor 552. The stem assembly includes a stem seal retainer 
556, a stem seal 560, and a stem 564. The motor 504 and 
valve plate 532 pneumatically drive the displacer 544. The 
displacer 544 is made from an thermal insulating material 
and is driven by the cooling gas which is introduced into the 
stem channel 568 through a cooling gas port 572 and 
exhausted through the output channel 576 and the exhaust 
port 580. The gas is inputted or outputted via the valve plate 
532 and rotary valve 528. The regenerator 552 is housed 
within the displacer 544. The displacer 544 is in fluid 
communication with a Space on either Side of the displacer. 
The displacer moves up and down within the displacer tube 
520. 

In operation, the cooling fluid is introduced into the 
regenerator 552 when the cooling gas port 572 is opened and 
the displacer is at or near the displacer bottom bumper. The 
cooling fluid is cooled as it passes through the regenerator 
and the cooled fluid enters into the cold end of the cold finger 
causing the displacer to rise to the displacer top bumper 540. 
The exhaust port 580 is opened to allow the fluid to expand 
and cool. The displacer is lowered as the fluid exits through 
the output valve and the process is repeated. The reliability 
of the System results from maintaining a low preSSure 
differential across the Seals in the displacer (i.e., across the 
upper and lower ends of the displacer), the use of room 
temperature input and output valves, and the complete 
removal of entrained compressor lubricating fluid from the 
cooling fluid. 
The variable Speed motor can be any motor, Such as a DC 

Stepper motor, which can displace the valve plate at differing 
Speeds, depending upon the desired temperature at the end 
of the cold finger 254 (which refers to the portion of the 
device 500 enclosed by the displacer tube 520. 
To control the speed of the motor and therefore the 

temperature of the cold finger 254, a temperature sensor 584 
is placed at a location of the cold finger (which is typically 
the free end of the cold finger), and an output signal from the 
Sensor is used via a control feedback loop to control the 
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Speed of the motor to realize the desired cooling rate and 
temperature of the cold finger. The control feedback loop 
can include an actuating device 588 for controlling the 
motor Speed. The actuating device can be an analog circuit, 
a microprocessor, or other well-known circuitry. 
The use of a variable speed motor to drive the valve plate 

has numerous benefits. First, the Speed of the motor can be 
controlled to produce an optimum rate of cooling in the cold 
finger. Cryocoolers generally have an optimum motor Speed, 
or rate of displacement of the valve plate, that varies 
depending upon the cold finger temperature profile. The 
optimum motor Speed is that speed causing the maximum 
cooling rate of the cold finger. Thus, if the cold head is at a 
higher temperature than the desired temperature, the motor 
Speed can be increased to more rapidly cool the cold head to 
the desired temperature. When the desired temperature is 
realized, the motor Speed can be reduced to a Speed Sufficient 
to maintain the desired temperature. Second, the use of a 
variable Speed motor can significantly prolong the life of the 
motor and of the cryoelectronic cooling device. AS will be 
appreciated, a constant Speed motor, Such as an AC Syn 
chronous motor, operating at maximum speed can have a 
Significantly shorter operating life than a variable Speed 
motor, which can operate at lower Speeds. The reliability of 
the cryocooler is fundamental to the Success of cryoelec 
tronic receiver front ends. Third, the power consumption of 
a variable Speed motor can be significantly less than the 
power consumption of a constant Speed motor. Finally, the 
heat load of the tower-mounted receiver front end is much 
larger than usually encountered in Standard cryocooler 
applications, and imposing an additional heat load via the 
resistive heater is inefficient and a waste of electrical power. 

EXPERIMENT 

The performances of a conventional base Station having 
the components shown in FIG. 15A and of a base station 
according to the present invention having the components 
shown in FIG. 15B were compared. The performances were 
tested under actual conditions using the same mobile Station. 
The results of the tests are presented in FIG. 16A and 16B. 
The vertical axis plots the percent residual bit error rate 
(“RBER”) and the horizontal axis the input signal power of 
the mobile station. The graph shows that for a smaller 
mobile Station input signal level, one can achieve the same 
RBER (i.e., accuracy) with the base station of FIG. 15B as 
with the base station of FIG. 15A. Stated another way, for a 
given mobile Station input Signal power, the base Station of 
FIG. 15B provides a Superior RBER than the base station of 
FIG. 15A. It has been discovered that the base station of 
FIG. 15B has at least a 6 dB improvement in bit-per-second 
receiver sensitivity compared to that of FIG. 15A. 

Modifications and adaptations of those embodiments will 
occur to those skilled in the art. It is to be expressly 
understood, however, that Such modifications and adapta 
tions are within the Scope of the present invention, as Set 
forth in the appended claims. 
What is claimed is: 
1. A receiver front end for receiving wireleSS Signals, 

comprising: 
a plurality of filtering means for spectrally filtering an RF 

Signal to form a filtered RF signal; 
a plurality of amplifying means for amplifying the filtered 
RF signal; and cooling means for cryogenically cooling 
the filtering means and amplifying means, Said cooling 
means comprising a cooling member having a plurality 
of faces, wherein at least one of Said filtering means and 
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at least one of Said amplifying means are positioned 
adjacent to each of a number of Said faces and wherein 
Said cooling member has an end having a temperature 
lower than other portions of Said cooling member and 
Said filtering means is located nearer Said end than Said 
amplifying means. 

2. The receiver front end as claimed in claim 1, wherein 
Said colling member has at least 3 faces. 

3. The receiver front end as claimed in claim 1, wherein 
at least two filtering means and at least two amplifying 
means are adjacent to each of Said faces. 

4. A receiver front end for receiving wireleSS Signals, 
comprising: p1 a filter for Spectrally filtering electromag 
netic radiation and an amplifier for amplifying the electro 
magnetic radiation; and 

a crycooler for cryogenically cooling the filter and 
amplifier, Said cryocooler comprising a cooling mem 
ber wherein the amplifier and filter are adjacent to Said 
cooling member and further comprising an interface for 
mounting Said amplifier and filter on Said cooling 
member, Said filter and amplifier being positioned on 
Said interface Such that Said amplifier has a higher 
temperature than Said filter. 

5. The receiver as claimed in claim 4, wherein said 
cooling member includes a frame member contacting a cold 
finger and Said frame member Substantially uniformly has 
common temperature throughout. 

6. The receiver front end as claimed in claim 5, wherein 
a temperature gradient exists along the length of Said cooling 
member and Said temperature is the same as the temperature 
of the cooling member where Said frame member contacts 
Said cooling member. 

7. The receiver front end as claimed in claim 6, wherein 
a frame member has a bulk conductivity of at least about 2 
watts/cm- K. 

8. The receiver front end as claimed in claim 4, wherein 
Said interface has an integrated thermal conductivity of 20 
watts/cm or leSS. 

9. The receiver front end as claimed in claim 4, wherein 
the receiver front end mounted on an antenna tower. 

10. A receiver front end for receiving wireleSS Signals on 
a plurality of channels, the receiver front end comprising: 

a plurality of planar filters for filtering a corresponding 
plurality of RF signals corresponding to a plurality of 
channels to form a corresponding plurality of filtered 
RF signals, 

a corresponding plurality of amplifiers for amplifying the 
plurality of filtered RF signals; 

a cryogenic cooler for cryogenically cooling the plurality 
of filters and amplifiers, the cryogenic cooler having a 
cooling member being configured to cool Simulta 
neously the plurality of planar filters and the plurality 
of planar amplifiers, and 

a Switched bypass circuit around the receiver front end 
and one or more Sensors, wherein in a first mode when 
the one or more Sensors measure acceptable operational 
parameters the bypass circuit is unswitched Such that 
RF signals pass through the plurality of filters and 
amplifiers in the cryogenic cooler and not through the 
bypass circuit and in a Second mode when the one or 
more Sensors measure at least one unacceptable opera 
tional parameter the bypass circuit is Switched and RF 
Signals pass through the bypass circuit and not through 
the plurality of filters and amplifiers in the cryogenic 
cooler. 

11. The receiver front end as claimed in claim 10, wherein 
a face of the cooling member has a temperature gradient and 
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at least one of the amplifiers and at least one of the filters are 
located at points along the temperature gradient Such that the 
temperature of the at least one filter is lower than the 
temperature of the at least one amplifier. 

12. The receiver front end as claimed in claim 10, wherein 
the plurality of filters and the plurality of amplifiers are 
located on a common Surface of the cooling member. 

13. The receiver front end as claimed in claim 10, wherein 
the receiver front end is mounted on an elevated Structure. 

14. The receiver front end as claimed in claim 10, wherein 
the temperature of the plurality of filters and plurality of 
amplifiers is at or below about 90 K. 

15. The receiver front end as claimed in claim 10, further 
comprising a comparative logic for comparing data mea 
Sured by the one or more Sensors with pre-Selected opera 
tional parameters. 

16. The receiver front end as claimed in claim 15, wherein 
the one or more Sensors include one or more of a tempera 
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ture Sensor, a cold motor power Sensor, a cryocoolant line 
preSSure Sensor, and a vacuum Sensor. 

17. The receiver front end as claimed in claim 15, wherein 
the bypass circuit includes an amplifier and filter to maintain 
RF signal quality at an acceptable level in the event that the 
bypass circuit is in the Second mode. 

18. The receiver front end as claimed in claim 10, wherein 
the cryocooler has a variable cooling capacity. 

19. The receiver front end as claimed in 10, wherein at 
least one of the plurality of filters and amplifiers include a 
Superconducting material and the operating temperature of 
the cryogenic cooler is about 90% or less of the Supercon 
ducting transition temperature of the Superconducting mate 
rial. 
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